This study was aimed to produce a new low coast product with significant nutritional value using partially replacement of beef meat with milled flaxseeds and chickpea flour.Two sausage formulas were prepared, using 10% flaxseed in formula 1 (F1) and 20% chickpea flour in formula2 (F2) which found to be the most palatable ratios according to the sensory evaluations carried out. The formulas were evaluated for their physicochemical properties, consumer acceptability, approximate chemical composition, minerals content and the profile of amino and fatty acids. The results revealed that, the incorporation of flaxseeds and chickpeas significantly decreased the % of cooking loss and shrinkage while increased the % of cooking yield and water holding capacity. Sensory evaluation showed that there were no significant differences between the control sample and the two prepared formulas in general acceptability. Compared with controls, addition of flaxseeds increased the % of crude fiber, carbohydrates and crude fat as well as Ca, Fe, Zn and P. besides improving the Fatty acids profile and the methionine level. Using of chickpea decreased the fat content while increased both of crude fiber and carbohydrate contents as well as % of Linoleic acid and % of total essential amino acids. As a recommendation of ω6: ω3 polyunsaturated fatty acids should be less than 4,In our investigation we improved ω6: ω3 ratio from 9.32:1in control to 1.07:1 in (F1) by incorporating flaxseeds. Moreover, using flaxseeds and chickpeas in preparing beef sausages reduced the final coasts by 8.3 and 16% respectively.
INTRODUCTION
Some people think that relying on plant foods, without using any kind of meat in their meals, can meet their daily dietary needs. Unfortunately, these people may be exposing themselves to micronutrient deficiencies and suffering from small brain volume, tiredness, and lack of understanding. Meat has many crucial nutrients that affect the overall health. Meat provides the body with easily digestible and highly nutritive value protein, containing all the essential amino acids which are vital for normal growth and maintenance of the body. Meat is considered a reservoir for different vitamins and it is rich in vitamin B complex, especially vitamin B 12, compared to plants. (Morris et al., 2007) .
Processing to form sausages, does not affect the nutritive value harmfully when compared to regular cooking methods. In all meat processing, the aim is twofold: to preserve the meat for longer periods and to alter the flavor and texture to increase variety in the diet, in addition to save the raw material costs especially in developed countries.
Flaxseed (Linumusitatissimum), was first grown in Egypt but has been cultivated all around the world. It is nutritious and can be considered functional food according to the Functional Food Science in Europe (FuFoSE) definition, it possesses favorable effects on one or more functions of the human being by either enhancing the general and physical state or/and lessening the risk of of disease development (Doyon and Labrecque,2008) .
Scientific researches recommended consumption of flaxseed because it possesses high levels of biologically active nutrients such as n-3, n-6 rich oil, αlinolenic acid, lignans, high quality proteins and fibers that act to prevent some of the chronic diseases such as many types of neoplasia, diabetes, cardiovascular diseases and cerebrovascular stroke (Bernacchia et al., 2014) . Flaxseeds strongly considered as a natural antioxidant in foods due to its capability of preventing further oxidation reactions; therefore enhancing foods shelf life (Eliasson et al., 2003) . Incorporation of cheap rich plant protein in meat products allows low income consumers access to animal protein.
Markedly, chickpea is one of the most important pulses in the world due to its nutritional quality. Pulses including chickpea are rich sources of complex carbohydrates, protein, vitamins and minerals (Costa et al., 2006 and Wang et al., 2010) .The importance of legumes is that they are a cheap and dense source of proteins and therefore they are used in poor communities as an alternative to expensive animal protein (Tharanathan and Mahadevamma, 2003) .
Chickpea (CicerArietinum L.) seeds are the most widely consumed pulse in the world. They are low in fat and high in protein and fiber. Abd EL-Rahim et al., (2004) found that chemical composition of raw and cooked chickpea were 8. 69, 8.08 % moisture, 3.84, 2.68% ash, 21.85, 24.73 % crude protein, 4.74, 6.05 % crude fiber,6.13, 4 .82 % ether extract and 53.88%, 45% total hydrolysable carbohydrates. It is a rich source of quality protein (20-22 %). It has the highest nutritional composition and thus, it is considered a functional food or nutraceutical. Besides proteins, it is rich in fiber and minerals (phosphorus, calcium, magnesium, iron and zinc), and its lipid fraction is high in unsaturated fatty acids (Williams and Singh,1987) . This study aimed to produce a new low coast product with significant nutritional value using partially replacement of beef meat with milled flaxseeds and chickpea flour.
MATERIALS AND METHODS

Materials:
15 kg of fresh lean beef meat and 2 Kg of tallow from 24 months old cow were obtained from Assiut slaughter house during November 2017. Visible fat and connective tissues were manually removed (Martinez et al., 2009) . The lean beef samples were minced using meat mincer and were used for processing of beef sausage as described by Abd El-Aal ( 2016). Spices mixture was prepared using (clove, black pepper, Chinese cubeb, ginger, Word press button, lura, cinnamon, seasonings and nutmeg), also salt and fresh garlic were obtained from the local market during November 2017 at Nasr city, Cairo, Egypt. Flax seed (variety Sakha1) was obtained from Agriculture Research Center, Giza, Egypt during November 2017. A variety of chickpea (CicerArientimum L.); Giza 195 type was obtained from local market at Assiut city, Egypt during November 2017. Soy flour was obtained from the Food Technology Institute Agriculture Research Center-Giza, Egypt during November 2017. All chemicals used in this study as well as sodium nitrite. Nutrient agar medium, dextrose, sterile peptone was obtained from EL-Gamhouria for Trading Chemicals and Drugs Co., Assiut city, Egypt.
Methods : Preparation of chickpea flour samples:
The samples were cleaned and subjected to different processing treatments. Chickpeas were processed by following treatments to remove the antinutritional factors as follows: 1-Soaking: Chickpea seeds were soaked in sufficient amount of tap water for 8 hrs. The soaked seeds were removed from the water, rinsed three times with distilled water. 2-Pressure Cooking: The soaked seeds were pressure cooked in a pressure cooker at 15 psi using water ratio 1:2 for 15 minutes then dehulled followed with drying in an electric oven at 50 C° for 20 hr, then grounded to flour fineness using Laboratory Mill then packaged in polyethylene bags until use (Mittal et al.,2012) . Preparation of flaxseeds samples: Flaxseeds were cleaned from impurities and grinded when used directly.
Preparation of beef sausage samples:
Three different formulations (Control, F1, F2) of beef sausage were prepared as shown in Table ( 1) according to (Egyptian standard for sausage, 1991) with some modifications . The control (C) consisted of minced beef meat only as indicated in Table ( 1) . Other beef sausage formulations (F1, F2) were prepared by partial replacement of beef meat with flaxseed or chickpea as shown in Table ( 1). The sausage production process was prepared with the formulation given in Table ( 1) . For each batch (5 kg) of the sausage. Meat, fat, and other ingredients were emulsified by using a bowl cutter (Nr-963009, scharfen, Witten, Germany).Chilled water was added (ml / 100 gm formula) to control, F1 and F2,then homogenized for 2 min as follows: 7 ml, 9ml and 20 ml respectively. After emulsification, all batter was stuffed into natural sheep casing mechanically, then grilled for few minutes for color and texture parameters analysis.
Gross chemical composition:
Moisture, crude protein, crude fat, and ash contents were determined according to Official Methods (A.O. A.C. 2000) .The carbohydrate content were calculated by difference (Turhanet al., 2005) as follows: % carbohydrate = 100 -(% moisture + % protein + % fat +% ash). Caloric value was estimated as follows as described by (Mohamed, 2005) :
Caloric value (kcal/100 gm) = (% carbohydrate x 4) + (% protein x 4) + (% fat x 9) Water holding capacity (WHC) was determined using expression of the juice of centrifugation method. The expressible fluid (E.F) was determined by difference between the sample weight before and after centrifugation (Hamm, 1960) . Cooking loss: Prepared beef sausage samples were weighted before cooking and then allowed to cool after cooking to room temperature. After that, the cooked beef sausage samples were reweighted and the cooking loss was calculated according to Lee et al. (2008) as follows:
Cooking loss (g/100g) =WR− WC×100/WR Where: WR: the weight of raw sausage (g). WC: the weight of cooked sausage (g).
Cooking yield was calculated as given by (El-Nemr, 1979) .
% Cooking yield = 100 − % Cooking loss Shrinkage:
Change in beef sausage diameter and length (Shrinkage) was measured on cooked samples as mentioned by George and Berry (2000) using the following equations: % Shrinkage=
Uncooked diameter or length(cm) − Cooked diameter or length(cm) X 100
Uncooked diameter or length (cm)
Sensory evaluations:
Grilled sausage samples were evaluated by 10 staff members in the Food Science and Technology Department, Faculty of agriculture, Assuit University and Assiut Agricultural Research Center who are familiar with meat products. A 10-point hedonic scale (1 being dislike very much to 10 being like very much) for color, taste, flavor, texture and overall acceptability were used to evaluate the sensory attributes of sausage sample according to (Gelman and Benjamin, 1989) .
Amino acids composition:
Amino acids were determined according to the method described by Pellett and Young(1980) . The analysis was performed in Regional Center for Food and Feed, Agriculture Research Center-Giza, Egypt using Beckman Amino Acid Analyzer Model119CL.
Determination of tryptophan:
Tryptophan was determined using spectrophotometric method as described by Sastry and Tummuru (1985) . Determination of fatty acids composition as mentioned by (Rossell et al., 1983) . Determination of minerals content was carried out in Central Laboratory, Faculty of Agriculture, Assiut University, as described in AOAC (1995) .
Crude fiber content was expressed as percentage loss in weight on ignition (AOAC. 1990).
Final coast:
The final costs of the prepared beef sausage samples were calculated according the local market costs of the used ingredients by Egyptian pound. Statistical analysis: The data obtained from three replicates were analyzed by ANOVA using the SPSS statistical package program, and differences among the means were compared using the Duncan's Multiple Range test (SPSS, 2011) . A significance level of 0.05 was chosen.
RESULTS AND DISCUSSION
Data for proximate analysis (on dry weight) of raw meat, chickpeas, flax seeds and soybeans used in formulating are presented in Table ( 2).
As shown in Table ( 2) chickpeas, flaxseeds and soybean flour had an acceptable percentage of carbohydrates, besides high ash content in both low fat soybean flour (6.69%) and flaxseeds (4.47%). Flaxseeds had the highest fat content (41.21%) which considered one of the richest dietary sources of the omega-3 fatty acid α-linolenic acid (ALA) "an essential fatty acid, which means that the body cannot produce it.
Flaxseeds contained 24.8 % protein , this result was nearly from the result of Chung et al, (2005) who mentioned that flaxseed grain contain about 21% protein (Sanjeewa 2008) reported that, chickpeas are excellent sources of protein, dietary fiber, complex carbohydrates, and trace minerals such as iron, molybdenum, and manganese. Table ( 3) revealed that, the control sample contained the higher contents of both moisture and protein (on dry weight basis). The protein content in control sample increased because the high meat water content decreases though, nutrients become more concentrated after drying. The partial replacement of beef meat with flax seeds and chickpeas markedly increased the content of dietary fibers significantlyfrom4.9 in control sample to 10.22% and 7.93% in F1 and F2 respectively. As known, increasing intake of dietary fibers can reduce constipation and help with weight loss and maintenance. It may also lower cholesterol levels, as well as the risk of diabetes and heart disease. F1 signed the highest fat content (31.28%) due to the high appreciable fat % in flaxseeds (41.21%) while the lowest fat content was found in F2 (25.3 %) as expected due to adding 15% chickpea flour, this result is in agreement with those of Mansour (2003) and Owon et al, (2014) . It was expected that the % of protein in F1 would be the greater due to the highest protein content in flax seeds (23.1%) which overcome the protein content in row beef meat (20.46%), but due to the highly moisture content in fresh meat (73.62%) compared with 7.52% in flax seeds, we obtained the logic results that the highest protein content were found in control sample when calculated on dry weight. Although chickpea seeds had the higher content of carbohydrates, the lowest caloric value was obtained in F2 (499.56K.cal/100g), this is due to the lowest fat and protein content in chickpeas flour. These results are confirmed with those of Owon et al., (2014) . 
Results in
Physical properties:
As shown in Table ( 4), adding both chickpeas and flaxseeds improved significantly cooking yield, WHC, cooking loss and shrinkage, this is due to the high fiber content in both chickpeas and flaxseeds. As a consequent of increasing cooking yield and WHC, the shrinkage % and cooking loss were decreased by adding chickpeas flour or milled flaxseeds. Chickpeas flour was characterized with good water holding and emulsifying capacities (Kohajdovaet et al, 2011) . However Yogesh et al,(2015) found that cooking loss decreased significantly in treated meat batter with flaxseed powder when compared with control sample, due to flax seed ability of keeping the moisture in the matrix. For the water holding capacity, the expressible water values explained how the addition of flax seeds and chickpeas meal improved the water holding capacity in F1 and F2 compared with control sample. 
Sensory evaluation:
According to the means given by the panelists of grilled samples at zero time ,sensory scores for studied parameters such as taste, texture, odor, color and general acceptability were varied and affected significantly by the addition of chickpea flour or milled flax seeds Table ( 5) .
Results revealed that there were no significant differences in general acceptability between the control sample and the two prepared formulas. The control sample had the highest taste, odor and color values while had similar texture value with F1 which is in line with what Bilek and Turhan(2009) reported, that the addition of flaxseed flour significantly affected the appearance, flavor, tenderness, juiciness and overall acceptability of beef patties. 
Mineral content:
Mineral analysis in Table (6) indicated that F1 contained the greater amounts of some elements such as Ca, Fe, Zn and P exceeded their concentrations in control and F2 samples. As mentioned above in Table ( 2), flaxseeds had the highest ash content (4.47%) compared with beef meat and chickpeas. Due to the highly mineral content in flaxseeds it was expected that F1 would have the highest content in several minerals, this agreed with results of Singh et al., (2011) , who reported that flaxseeds are a source of many vitamins and minerals as calcium, magnesium and phosphorus.
F2 had the lowest minerals content except P because they leached from the chickpea seeds into the water during cooking treatments as recorded by Alajaji and El-Adawy (2006) . 
Fatty acid composition:
The profile of saturated and unsaturated fatty acids (percentage contribution of each fatty acid to total fatty acids) of the three studied beef sausage formulas is shown in Table ( 7) .
Data in Table (7) shows that, the total saturated fatty acids were higher in control sample (50.02%) than F1 (43.95%) and F2 (47.66%), this is because meat is seen to be a major source of fat in the diet and especially of saturated fatty acids (Wood et al, 2003) .It was recorded that saturated fatty acids have a bad reputation linked with diseases associated with modern life, especially in developed countries. These include various cancers and especially coronary heart disease. And so, adding flaxseeds in F1 and chickpea in F2 lowered saturated fatty acids content. On the other hand both F1 and F2 had higher amounts of total unsaturated fatty acids than control sample Table ( 7) . Neither omega -3 nor omega-6 fatty acids can be synthesized by humans, only plants (including marine phytoplankton) can do, there for it is recommended that humans consume more omega-3 fatty acids from vegetables and marine sources (Mahan, 2016) . The detected % unsaturated fatty acids (USF) in control sample specially Linoliec and Linolenic acids due to the 10% soy beans addition besides that ruminant meats, especially from animals that have consumed grass contains high levels of 18:3. Farno (1996) mentioned that, soybean oil is composed of approximately 16% saturated fatty acids (palmitic [C16:0] and stearic [C18:0]), 24% monounsaturated fatty acids (oleic [C18:1]), and 60% polyunsaturated fatty acids (linoleic [C18:2] and linolenic [C18:3]). The most obvious difference in fatty acid composition between studied formulas was that linoleic acid (18:2) was higher in F2 (9.37%) than that of F1 (7.10%) while control sample had the least concentration (5.78%). F1 was superior in linolenic acid content which marked (9.62 %) compared with F2 (1.03%) and (0.62%) in control sample. This is can be explained as mentioned by Simopoulos (2002) who obtained that αlinolenic acid (ALA), recorded about 30% , linoleic acid recorded 17% and oleic acid recorded19% of all lipids in flaxseed, which provides an excellent ω6: ω3 fatty acid ratio (0.3:1). Therefore, the seed could be acompensatory source of this fatty acid to populations when the marine foods are not available, which are the best sources of n-3 fatty acids (Bernacchia et al., 2014) . Partial replacement using flaxseeds or chickpea improved the ratio (P: S) of polyunsaturated fatty acids (PUFA) to saturated fatty acids (SFA) which recorded in control, F1 and F2 (0.9, 1.3 and 1.06) respectively leading to the balanced fatty acid intake of today's consumers despite that the diet containment of both omega-6 and omega-3 fatty acids is important, , surplus levels of omega-6 fatty acids may interfere with the enzymes responsible of desaturation and elongation of both ω 3 and ω 6 fatty acids and prevention of the conversion of ALA into longer EPA and DHA forms (Kris-Etherton et al.,2000) . Moreover, Haag (2003) reported that the ratio of omega-6 to omega-3 in the diet affect neurotransmission and subsequently brain function. Enser (2001) reported that the ratio of ω6: ω3 PUFA is a potent factor that can worsen cancers and coronary heart disease, especially in cases of clot formation that lead to heart attacks. It is recommended that the ratio of ω6: ω3 PUFA should not exceed 4, taking into account that the ratio may exceed that in some kinds of meat.
Simopoulos (2002) Eating meals containing excessive amounts of polyunsaturated fatty acids (PUFA) and ‫ا‬high ratios of ω6 / ω3, as is common in the current Western (15/1 -16.7 / 1), make humans more inclined to some diseases such as cardiovascular disease, cancer, inflammatory and autoimmune diseases, while increased levels of omega-3 PUFA (low ω6 / ω3 levels) reduce the risk of these diseases..
In the secondary prevention of cardiovascular disease, a ratio of 4/1 was associated with a 70% decrease in total mortality. A ratio of 2.5/1 reduced rectal cell proliferation in patients with colorectal cancer. In our investigation we succeeded to low the ω6: ω3 ratio from 9.32:1in C to 0.74:1in F1 by incorporating flax seeds which considered a very good source of ALA.
Amino acid composition:
Meat proteins have all essential amino acids (without any shortage or limitation) (Schaafsma, 2000) .Compared with the FAO/WHO (1973) reference, chickpea protein is rich in essential amino acids such as isoleucine, lysine, total aromatic amino acids and tryptophan. Alajaji and El-Adawy(2006) mentioned that, chickpea protein plays a complementary role to the low protein sources in lysine and tryptophan. They pointed that, chickpea protein has slightly deficiency in leucine; total sulfur amino acids, threonine and valine when compared with the reference pattern. Boiling and microwave cooking improve the total essential amino acids profile; otherwise, long cooking time reduces the nutritive value of legumes as the levels of some essential amino acids are markedly decreased (Chau et al., 1997) .
By excluding both of methionine and phenylalanine Chickpea has sufficient amount of all essential amino acids and is nutritionally better when treated with roasting and pressure-cooking.
Results in Table ( 8) postulated that the amino acid composition were similar in the three formulas in both essential and non-essential amino acids. F2 was superior in Lysine content and total essential amino acids, meanwhile F1 had the highest methionine content.
Total cost calculations:
According to obtained data in Table (9) , using flaxseeds and chickpeas in preparing beef sausages reduced the final coasts by 8.3 and 16% respectively. 
CONCLUSION
Partial replacement of meat using flaxseeds and chickpeas improved the physical properties, increased the % of crude fiber, carbohydrates and crude fat as well as Ca, Fe, Zn and P. Moreover, improved the fatty acids profile, also reduced the ω6: ω3 ratio by adding flaxseeds. Furthermore, using flaxseeds and chickpeas in preparing beef sausages reduced the final coasts by 8.3 and 16% respectively.
